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Abstract
Rediscovery of Dendropsophus tintinnabulum (Anura: Hylidae) in the upper Rio 
Negro Drainage (Amazonas, Brazil), with a description of its advertisement call and 




morphological features. Based on overall similarities in size, dorsal color, body shape, 
advertisement call, and preliminary genomic results, D. tintinnabulum is tentatively 
assigned to the D. microcephalus Group.
Keywords: Amazon, bioacoustics, Dendropsophus microcephalus Group.
Resumo
Redescoberta de Dendropsophus tintinnabulum (Anura: Hylidae) na bacia do Alto Rio Negro 
(Amazonas, Brasil) com a descrição do canto de anúncio e da morfologia externa. Dendropsophus 
tintinnabulum ÃWOCFCUUGKUGURÃEKGUFGDendropsophus que ainda não foi atribuída a nenhum dos 
ITWRQU FG GURÃEKGU CVWCNOGPVG CEGKVQU 'URÃEKOGUVGUVGOWPJQU G ITCXCÁÐGU FGUUG V¶ZQP QDVKFQU
durante trabalho de campo no município de São Gabriel da Cachoeira e no distrito de Cucuí, estado 
FQ #OC\QPCU $TCUKN RGTOKVGO C FGUETKÁºQ FQ ECPVQ FG CPÕPEKQ G FG ECTCEVGTGU FC OQTHQNQIKC
GZVGTPC# RCTVKT FG VQFCU CU UKOKNCTKFCFGU GO TGNCÁºQ CQ VCOCPJQ EQTRQTCN RCFTºQ FG EQNQTCÁºQ
formato do corpo, canto e dados genômicos preliminares, alocamos tentativamente D. tintinnabulum 
no grupo de D. microcephalus.
Palavras-chave: #OC\ÏPKCDKQCEÕUVKECITWRQFGDendropsophus microcephalus.
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Introduction
#U RTGUGPVN[ FGſPGF VJG IGPWU Dendropso-
phus Fitzinger, 1843 comprises almost 100 
species placed in nine species groups (Faivovich 
et al.  CPF UKZ URGEKGU WPCUUKIPGF VQ CP[
group. One of these species, D. tintinnabulum 
(Melin, 1941), was described from northern Brazil 
DCUGF QP EQNNGEVKQPU HTQO ſGNF GZRGFKVKQPU VQ
tropical regions of South America during the 
[GCTU Ō 5KPEG VJGP VJG URGEKGU TCTGN[
has been reported in the literature (Lutz 1973, 
#\GXGFQ4COQUCPF)CNCVVK&WTKPICſGNF
trip in the upper Rio Negro, we collected and 
recorded individuals of Den dropsophus that we 
assigned to D. tintinnabulum based on the original 
description and area of occurrence. Herein, 65 
years after the original description, we describe 
VJGCFXGTVKUGOGPVECNNCPFGZVGTPCNOQTRJQNQIKECN
HGCVWTGUDCUGFQP TGEGPVN[ EQNNGEVGF GZCORNGUQH
this poorly known Amazonian species.
Materials and Methods
Fieldwork was conducted in the municipality 
of São Gabriel da Cachoeira (0o09'43'' S, 
66o			 9  O CUN  ,WPG  CPF
elsewhere in the district of Cucuí (1o11'55'' S, 
66o			 9  O CUN  ,WPG  KP
Amazonas state, Brazil.
Calls were recorded with a digital recorder 
(Marantz PMD 671) at a 48.0 kHz sampling rate 
CPF C DKV TGUQNWVKQP 
OQPQ 9#8' HQTOCV
ſNG EQWRNGF VQ C FKTGEVKQPCN OKETQRJQPG
(Sennheiser K6/ME67). Acoustic variables were 
CPCN[\GFWUKPI4CXGP2TQHQT9KPFQYUHTQO
The Cornell Lab of Ornithology (Bioacoustic 
Research Program 2012); settings were Hann 
window function at FFT width 1024 samples, 3 
F$ ſNVGT DCPFYKFVJ  *\ QXGTNCR 
NQEMGF
85%, and DFT size (locked) 1,024 samples. All 
other settings followed the “default” of Raven 
Pro. Terminology of the call descriptions follows 
that of Duellman and Trueb (1994). Dominant 
frequency was obtained using the function “Peak 
HTGSWGPE[Œ 2WNUG TGRGVKVKQP TCVGYCU SWCPVKſGF
as the number of pulses divided by note duration. 
5QWPF ſIWTGU YGTG QDVCKPGF KP VJG 5GGYCXG
package (Version 1.5.9) (Sueur et al. 2008), R 
(Version 2.12.1) platform (R Development Core 
Team 2014), using Hanning window function, 
85% overlap, and 256 points resolution (FFT).
Specimens were euthanized in 5% lidocaine, 
ſZGF KP  HQTOCNKP CPF RTGUGTXGF KP 
GVJCPQN CPF KFGPVKſGFDCUGFQP/GNKPŏU 

description of Dendropsophus tintinnabulum. 
Measurements were made with an ocular 
micrometer coupled to a stereomicroscope, and 
those greater than 10 mm were taken with 
calipers accurate to 0.1 mm. Nine measurements 
HQNNQYVJQUGFGſPGFD[&WGNNOCP
 UPQWV
vent length (SVL), head length (HL), head width 

*9 V[ORCPWO FKCOGVGT 
6& G[G FKCOGVGT
(ED), interorbital distance (IOD), internarial 
FKUVCPEG 
+0& UJCPM NGPIVJ 
5. 
 VKDKC
length), and foot length (FL) and two 
measurements are those of Heyer et al. (1990)—
thigh length (TL) and hand length (HAL). Eye-
PQUVTKN FKUVCPEG 
'0& KU CU FGſPGF D[ 0CRQNK
and Caramaschi (1998).
5RGEKOGPU GZCOKPGF CPF TGEQTFKPIU CNQPI
YKVJVJGXQWEJGTURGEKOGPU
#RRGPFKZ+CTGKP
the collection of frogs of the Universidade 
Federal de Uberlândia (AAG-UFU), Uberlândia 
municipality, Minas Gerais state, Brazil. 
#FFKVKQPCNURGEKOGPUGZCOKPGFCTGFGRQUKVGFKP
the following zoological collections: Museu de 
Zoologia da Universidade de São Paulo, São 
Paulo (MZUSP), and Museu Nacional, Univer-
sidade Federal do Rio de Janeiro, Rio de Janeiro 

/04,$TC\KN9GYGTGWPCDNG VQQDVCKPFCVC
for the three syntypes of D. tintinnabulum at 
Museum of Natural History of Gothenburg, 
Sweden. Preliminary results based on genetic 
data are not presented here because a phylogenetic 




The series of frogs from the municipality of 
São Gabriel da Cachoeira and its environs in the 
Teixeira and Giaretta
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district of Cucuí was assigned to D. tintinnabulum 
based on the following combination of 
characters: snout-vent length ranging from 
Ō OO 
6CDNG  JGCF DTQCFGT VJCP
body, vomerine teeth barely visible; snout 
triangular to rounded; large eyes, protruding 
beyond lateral sides of head; tympanum 
discretely visible; a small knob is present at the 
mandibular symphysis; prepollical tubercle 
large; slight, elliptical medial metatarsal tubercle, 
and lateral tubercle and tarsal fold absent. Skin 
smooth; belly and medial parts of thighs granular; 
CZKNNCT[ HQNF FKUVKPEV UKPING CPF UWDIWNCT XQECN
sac, yellowish orange; dorsal color in life varying 
from yellowish orange to greenish brown; dorsal 
color pattern varying from immaculate to 
possessing irregularly distributed brown dots; 
some frogs with broad stripe between eyes and 
along dorsum; dots variably present on shanks; 
VQGU CPF ſPIGTU QTCPIG FKHHWUG DTQYP DTQCF
DCPFCNQPIFQTUQNCVGTCNNKOKVUQHDQF[GZVGPFKPI
from the snout tip toward sacral region, upper 
edged by a light-colored stripe (Figures 1, 2).
Advertisement Call of Dendropsophus 
tintinnabulum (N = 3 recorded males)
The advertisement call (Figure 3) consists of 
one type of note with a pulsed structure emitted in 
groups (series) or isolated (mean: 1.35 notes per 
ECNN TCPIG Ō PQVGU 5&   N  







 5&   N   RWNUG TGRGVKVKQP TCVG
RWNUGUU
TCPIG Ō5&N 
  CPF PQVG TGRGVKVKQP TCVG 
YKVJKP C UGTKGU
 PQVGUU 
TCPIG Ō 5&  N  
inter-note interval in series of notes, 229 ms 

TCPIG Ō5&NCPFFQOKPCPV
HTGSWGPE[  *\ 
TCPIG Ō 5& 
56.8; N#YGCMHTGSWGPE[RGCMQEEWTUCV
about 12 kHz (2 of 3 males) and a third peak with 
relevant energy is present (2 of 3 males) in 17033 
*\ 
TCPIG Ō5&N
Individual values are presented in Table2.
Figure 1. Dendropsophus tintinnabulum from the muni-
ci pality of São Gabriel da Cachoeira, Ama-
zonas state, Brazil. (A) AAG-UFU 3883; SVL = 
17.4 mm; (B) AAG-UFU 3884; SVL = 19.2 
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Table 1. Morphometric variables of Dendropsophus tintinnabulum (N = 8 males) from municipality of São Gabriel da 
Cachoeira, Amazonas state, Brazil.
Mean   ±   SD Range
Snout-vent length 17.9 ± 0.8 16.4–19.2
Head length 5.7 ± 0.2 5.5–5.9
Head width 6.7 ± 0.3 6.0–7.0
Interorbital distance 2.1 ± 0.2 1.7–2.5
Internarial distance 1.3 ± 0.2 1.1–1.6
Eye-nostril distance 1.4 ± 0.1 1.2–1.5
Eye diameter 2.2 ± 0.1 2.1–2.5
Tympanum diameter 1.0 ± 0.1 0.8–1.2
Thigh length 9.7 ± 0.6 8.5–10.5
Shank length 9.9 ± 0.5 9.0–10.8
Hand length 5.2 ± 0.4 4.7–6.0
Foot length 8.0 ± 0.8 7.1–9.7
Figure 2. Dendropsophus tintinnabulum (AAG-UFU 
3883), adult male from the municipality of São 
Gabriel da Cachoeira, Amazonas state, Brazil. 
Lateral and dorsal views of the head and palmar 
and plantar views of hand and foot, respectively.
Male Dendropsophus tintinnabulum call 
HTQO RGTEJGU QP JGTDCEGQWU XGIGVCVKQP Ō
m above the ground along the river margins (Rio 
0GITQ V[RKECNN[ KP ő+ICRÎŒ ƀQQFGFHQTGUV
environments. Syntopic species include Scinax 
cruentommus (Duellman, 1972), Hypsiboas 
boans (Linnaeus, 1758), H. cinerascens 
5RKZ
1824), Leptodactylus validus Garman, 1888, 
Rhinella marina (Linnaeus, 1758), Rhinella sp. 
(R. margaritifera group), and Scinax ruber 
(Laurenti, 1798).
Discussion
The combination of snout-vent length, body 
shape, dorsal color patterns, and the large, 
prominent eyes of Dendropsophus tintinnabulum 
is most similar to this suite of characters in the 
Amazonian species of the D. microcephalus 
Group (i.e., D. leali [Bokermann, 1964]; D. 
juliani Moravec, Aparicio and Köhler, 2006; 
D. reichlei Moravec, Aparicio and Köhler, 2008; 
D. riveroi [Cochran and Goin, 1970]; and D. 
coffea Köhler, Jungfer, and Reichle, 2005). 
Based on these resemblances, the advertisement 
call, and the preliminary genetic analysis of D. 
Teixeira and Giaretta
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tintinnabulum, we tentatively assign D. tintinnab-
ulum to the D. microcephalus Group.
Dendropsophus tintinnabulum differs mor-
pho logically from the other Amazonian members 
of the D. microcephalus Group as follows (D. 
tintinnabulum in brackets): D. shiwiarum 
Ortega-Andrade and Ron, 2013 and D. ozzyi 
Orrico, Peloso, Sturaro, Silva-Filho, Neckel-
Oliveira, Gordo, Faivovich, and Haddad, 2014 
JCXG RQKPVGF ſPIGTU FKUEU 
TQWPFGF KP D. 
tintinnab ulum); D. juliani has a green vocal sac 
(Moravec et al. 2006) (yellowish orange); D. 
reichlei has one or two small, white to cream 
spots below the eye (Moravec et al. 2008); and 
D. microcephalus (Cope, 1886), D. nanus 
(Boulenger, 1889), and D. walfordi (Bokermann, 
Figure 3. Advertisement call of Dendropsophus tintinnabulum from the municipality of São Gabriel da Cachoeira, 
Amazonas state, Brazil. Note the remarkably strong harmonic (3rd harmonic) that is about 17 kHz. (A) 
Waveform of a call sequence (1.8 s section); the note outlined is detailed in (B), along with its waveform, 
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Table 2.  Advertisement call of Dendropsophus tintinnabulum specimens from São Grabriel da Cachoeira, Amazonas 
state, Brazil. Mean ± SD (range) [number of analyzed calls].
Traits
AAG-UFU 3856  
(SVL = 17.5 mm)
AAG-UFU 3857  
(SVL = 17.7 mm)
AAG-UFU 3854  
(SVL = 18.4 mm)
Note duration (ms) 17.5 ± 2.1 (13.0–21.0) [20] 16.1 ± 1.6 (12.0–19.0) [40]
14.2 ± 2.4  
(10.0–19.0) [20]
Pulse duration (ms) 17.5 ± 2.1 (13.0–21.0) [16] 17.5 ± 2.1 (13.0–21.0) [16] 17.5 ± 2.1 (13.0–21.0) [15]
Number of pulses  
per note
5.9 ± 1.7 (5.0–10.0) [16] 4.9 ± 0.9 (4.0–7.0) [16] 5.6 ± 1.4 (3.0–9.0) [15]
Peak frequency (Hz)
5770 ± 79.7  
(5625–5906) [20]
5639 ± 91.6  
(5343–5765) [41]
5665 ± 91.6 (5390–5906)
Third harmonic (Hz)
17228 ± 71.8  
(17109–17344) [20]




184.2 ± 21.0  
(157.9–230.7) [20]
201.8 ± 28.3  
(157.9–266.7) [38]
180.6 ± 22.2  
(133.3–230.8) [20]
Call group rate  
(notes per s)
6.9 ± 0.8 (6.1–8.0) [3] 7.6 ± 0.6 (6.3–8.4) [8] 6.6 ± 1.2 (5.3–7.8) [4]
Number of notes  
per call
1.3 ± 0.6 (1.0–3.0) [16] 1.3 ± 0.5 (1.0–3.0) [30] 1.5 ± 0.9 (1.0–4.0) [14]
Number of notes  
per sequence
2.3 ± 0.5 (2.0–3.0) [3] 2.1 ± 0.3 (2.0–3.0) [8] 2.8 ± 0.8 (2.0–4.0) [4]
Internote interval in 
series (s)
0.23 ± 0.19 (0.21–0.26) [4] 0.22 ± 0.01 (0.20–0.25) [9]
0.23 ± 0.01  
(0.22–0.24) [7]
Teixeira and Giaretta
1962) have numerous dotted lines on dorsum 

FQVU KTTGIWNCTN[ FKUVTKDWVGF 9G FKF PQV ſPF
any reliable qualitative morphological differences 
between D. leali, D. coffea, D. riveroi, and D. 
tintinnabulum.
Acoustically, Dendropsophus tintinnabulum 
can be distinguished from the other Amazonian 
species of the D. microcephalus Group that have 
advertisement calls composed of one type of 
note. Dendropsophus juliani has a lower 
FQOKPCPVHTGSWGPE[
FQOKPCPVHTGSWGPE[Ō
4400 Hz vs.Ō*\KPD. tintinnabulum; 
Moravec et al. 2006). Dendropsophus ozzyi has 
C JKIJGT FQOKPCPV HTGSWGPE[ 
Ō *\
Orrico et al. 2014). The note duration in other 
species of the group are as follow:  D. reichlei, 
ŌOU 
/QTCXGEet al. 2008); 38 ms in D. 
walfordi (De la Riva et al. 1997); 53 ms in D. 
shiwiarum
1TVGIC#PFTCFGCPF4QPŌ
92 ms in D. leali (Marquez et al.Ō
ms in D. riveroi (Marquez et al. 1993); and 
ŦOUKPD. coffea (Köhler et al. 2005). The 
PQVGFWTCVKQPKUŌOUKPD. tintinnabulum.
In comparison with the species that occur in 
the adjacent biomes, the advertisement call of 
Dendropsophus tintinnabulum is most like those 
of D. cachimbo (Napoli and Caramaschi, 1999), 
D. cruzi (Pombal and Bastos, 1998), and D. 
pseudomeridianus (Cruz, Caramaschi, and Dias, 
2000). In D. tintinnabulum, the dominant 
HTGSWGPE[ 
Ō*\ KU JKIJGT VJCP KPD. 
cachimbo
Ō*\6GKZGKTCCPF)KCTGVVC
2015). The note duration of D. tintinnabulum 

Ō OU NQPIGT VJCP KP D. cruzi 
Ō OU
Pombal and Bastos 1998). Although there is an 
overlap in ranges of call values between D. 
tintinnabulum and D. pseudomeridianus, the 
former has a lower mean of pulse repetition rate 
(189 pulses/s) than D. pseudomeridianus (477 
pulses/s; Caram et al. 2014).
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Dendropsophus tintinnabulum was described 
HTQO7CWRÃU4KXGT 
őUQOG FC[Uŏ LQWTPG[ PQTVJ
QH +RCPQTÃŒ /GNKP  RCIG  1WT TGEQTF
HTQO %WEWÈ GZVGPFU VJG FKUVTKDWVKQP QH VJG
species to the upper Rio Negro to the Brazilian/
Venezuelan/Colombian borders, around 200 km 
PQTVJGCUV QH VJG V[RG NQECNKV[ 
#RRGPFKZ +
Dendropsophus tintinnabulum probably has a 
wider distribution along the Rio Negro Drainage. 
Perhaps our data will be helpful in the assessment 
of additional distributional records for this 
Amazonian frog species.
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Appendix I. Specimens examined.
Dendropsophus tintinnabulum: BRAZIL: AmAzonAs 5ºQ )CDTKGN FC %CEJQGKTC ##)7(7 Ō &KUVTKVQ FG
%WEWÈŌ6CTCEW¶ /<752Ō




Dendropsophus riveroi: COLOMBIA: AmAzonAs .GVKEKC/<752Ō
'Z9%#$Ō
6QRQV[RGU
Dendropsophus cruzi V[RGURGEKOGPU /04,)1+5 5KNX¸PKC ##)7(7Ō
6QRQV[RGU
Dendropsophus walfordi V[RG UGTKGU /<752  
'Z 9%#$  /<752 Ō VQRQV[RG
URGEKOGPU ##)7(7Ō
Appendix II. ##)7(7EQNNGEVKQPXQWEJGTPWODGTCPFNCDGNUQHVJGTGNCVGFCPCN[\GFUQWPFſNGU
  Voucher number 5QWPFſNGNCDGNU
  3856 Dendrop_tintinnabSaoGabrielAM1aTRC_AAGm671
  3857 Dendrop_tintinnabSaoGabrielAM2TRC_AAGm671
  3854 Dendropsophus_tintinnabulum_SaoGrabrielDaCachoeira_AM_1b_BFVT_AAG_m671
Teixeira and Giaretta
